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Abstract
We study the Higgs-boson decays h0 → bb¯, h0 → γ γ and h0 → γZ within the framework of the two Higgs doublet model
(THDM) in the context of the decoupling regime, together with tree level unitarity constraints. We show that when the light
CP-even Higgs boson of the THDM mimics the Standard Model Higgs boson, not only the one-loop effects to h0 →{γ γ,γZ}
but also the one-loop contribution to h0 → bb¯ can be used to distinguish between THDM and SM. The size of the quantum
effects in h0 → bb¯ are of the same order as in h0 →{γ γ,γZ} and can reach 25% in both cases.
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The discovery of a Higgs boson is one of the major
goals of present and future searches in particle physics.
Global electroweak fits within the Standard Model
(SM) yield an upper bound on the Higgs-boson mass
of MH < 211 GeV at 95% confidence level (CL) [1].
Together with the direct-search limit from the LEP
experiments [2] of MH > 114.4 GeV, the Higgs boson
seems “just around the corner”.
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Open access under CC BY license.The still hypothetical Higgs sector of the SM can
be enlarged and some simple extensions such as the
two Higgs doublet model (THDM) versions [3] are in-
tensively studied. Such extensions add new phenom-
ena, like the charged Higgs-boson sector, and satis-
fies the relevant constraint ρ ≈ 1 up to finite radia-
tive corrections. Actually, there are two versions of the
THDM, type I and type II, differing in some Higgs
couplings to fermions, but in both types and after elec-
troweak symmetry breaking, the Higgs spectrum is the
same: two charged Higgs particles H±, two CP-even
H 0, h0 and one CP-odd A0. Aside the charged Higgs
sector, the neutral sector of the THDM is noticeably
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the discovery of a charged scalar Higgs boson would
attest definitively that the Standard Model is over-
come, more refined investigations would be necessary
in case of a neutral Higgs particle, in the SM and be-
yond [4].
In order to establish the Higgs mechanism for the
electroweak symmetry breaking, we need to measure
the Higgs couplings to fermions and to gauge bosons
as well as the self-interaction of Higgs bosons. Such
measurements, if precise enough, can be helpful in dis-
criminating between the models through their sensitiv-
ity to quantum-correction effects, in particular in spe-
cific cases like the decoupling limit. For a Linear Col-
lider, it has been shown [5] that the Higgs-boson cou-
plings to third-generation fermions and gauge bosons
can be measured with high precision of the order
1–3%.
The decoupling theorem [6] states, in brief, that, if
we have a theory with light and heavy particles, under
certain conditions, the effects of heavy particles only
appear in the low-energy theory through renormal-
ization of couplings and masses of the effective the-
ory or through corrections proportional to a negative
power of the heavy masses. The decoupling theorem
is not universal and suffers from some known excep-
tions [7]. To be sure that the theorem holds, the low-
energy theory has to be renormalizable, and it should
have neither spontaneous symmetry breaking nor chi-
ral fermions, which does not apply to the MSSM and
the THDM. A formal and general proof of decou-
pling of the non-standard MSSM particles from the
low-energy electroweak gauge-boson physics has been
given in [8]. Conversely, concerning Higgs physics, it
is known that the SUSY one-loop corrections do not
decouple, in general, in the limit of a heavy supersym-
metric spectrum [9–15].
Furthermore, it is not yet rigorously proven that
this decoupling theorem applies in the case of the
THDM [16]. But one can be less ambitious and
consider a weaker version for the decoupling limit
[17], where all the scalar masses with one exception
formally become infinite. For the case of the THDM,
this limit designs the CP-even h0 as the light scalar
particle while the other Higgs particles, the CP-even
H 0, the CP-odd A0, and the charged Higgs boson
H± are extremely heavy and mass-degenerate. In
using pure algebraic arguments at the tree level, andmore sophisticated ones at the loop level, one can
derive the main consequences: in the decoupling limit,
cos(β − α)→ 0, the CP-even h0 of the THDM and the
SM Higgs H have quite similar tree level couplings to
gauge bosons and fermions as well [16]. Here α is the
mixing angle in the CP-even sector and tanβ = v1/v2,
the ratio of the two vacuum expectation values [3].
Since the scalar sector of the MSSM is a particular
case of THDM, the various decoupling scenarios also
take place in the MSSM and give similar consequences
as in the THDM.
Obviously, the decoupling limit does not rigorously
apply to a more realistic world where the particles
masses are in a finite range. Actually, one may con-
sider a less rigorous scenario, labeled as the decou-
pling regime [16–18], where we only require that the
heavy Higgs particles have masses much larger than
theZ boson mass. However, such a scenario with large
masses has to agree with the unitarity of the S-matrix.
The unitarity constraint puts in turn bounds on the am-
plitude of partial waves [19], which give finally con-
straints on the values of the coupling constants. The
problem in models with symmetry breaking is that
couplings and masses are not independent; hence, uni-
tarity of the S-matrix implies upper bounds on masses
in the SM as well as in the THDM.
Since perturbative expansion is used, it is impossi-
ble to find the exact bounds; instead, one can derive
tree-level unitarity bounds or loop-improved unitar-
ity bounds. In this study, we will use unitarity bounds
coming from a tree-level analysis [20]. This tree level
analysis is derived with the help of the equivalence
theorem [21], which itself is a high-energy approxi-
mation where it is assumed that the energy scale is
much larger than theZ0 and W± gauge-boson masses.
We will consider here this “high-energy” hypothesis
that both the equivalence theorem and the decoupling
regime are well settled, but in such a way that the uni-
tarity constraint is also fulfilled. Our purpose is to in-
vestigate the quantum effects in the decays of the light
CP-even Higgs boson h0, especially looking for size-
able differences with respect to the SM in the decou-
pling regime.
Several studies have been carried out looking for
non-decoupling effects in Higgs-boson decays and
Higgs self-interactions. Large loop effects in h0 →
γ γ and h0 → γZ have been pointed out for both
the MSSM [12] and the THDM [22]. The one-loop
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and their decoupling properties are well discussed and
understood. The loop contribution to the triple h0 self-
coupling has been investigated in the MSSM [14] as
well as in the THDM [15], revealing non-decoupling
effects which, however, in the MSSM case disappear
when the self-coupling is expressed in terms of the h0
mass [14].
The present study assumes the following chronol-
ogy and scenario: the SM model is not ruled out by
any experiment, no SUSY evidence, no charged Higgs
and no CP-odd Higgs signal, a light CP-even Higgs
is detected and its properties are rather close to the
SM Higgs. A very natural question emerges: what
kind of Higgs we got? It seems difficult to disentangle
the Higgs particle of the basic SM from other Higgs
bosons involved in extended models like the THDM
or MSSM. We will focus on the perhaps most difficult
scenario, where all the Higgs particles of the THDM,
except the lightest CP-even Higgs, are heavy to escape
detection at the first stage of next generation colli-
ders.
In this Letter we investigate three decay modes
of the CP-even neutral Higgs boson h0 (THDM)
or H (SM): the decay into a pair of photons, the
decay into a photon in association with a Z bo-
son, and the decay into a bb¯ quark pair. The de-
cays into the gauge-boson pairs are loop-mediated
processes since the photon does not couple to neu-
tral particles. In contrast, the decay into a fermion
pair already exists at the tree level because of the
Higgs-b Yukawa interaction. For the specific scenario
where only a single light Higgs particle exists with
tree-level coupling constants as in the SM, the cou-
pling structure of the virtual non-standard heavy parti-
cles in the quantum contributions to the bosonic de-
cay rates yield sizeable differences to the SM de-
cay rates. Simultaneously, these quantum corrections
also influence the fermionic decay rates and thus
make them differ significantly from the SM result as
well.
The Letter is organized as follows. In Section 2 we
address the Higgs-boson decay channels under study
and outline the calculation of the one-loop contribu-
tion to the h0 → bb¯ partial width, giving details about
the renormalization scheme used. Section 3 is devoted
to the presentation and discussion of our numerical re-
sults.2. Decays of the h0 boson in the THDM
In this section, we first discuss the one-loop con-
tributions to h0 → γ γ and h0 → γZ, which have
been known already for a while [3]. Then, we present
in more details the one-loop contribution to h0 →
bb¯ as well as details of the renormalization scheme
used.
We first start with the decay channels h0 → γ γ
and h0 → γZ, which are loop-induced, the only pure
THDM contribution comes from charged Higgs loops,
which may lead to non-decoupling effects. In the
decoupling regime, with α → β − π/2, the charged
Higgs contribution enters at the one-loop level through
the following coupling,
(1)
g
[
h0H+H−
]=− g
2MW
{
M2
h0 + 2
(
M2H± − λ5v2
)}
,
where v2 = v21 + v22 = (2
√
2GF )−1. To derive this
coupling we have used the CP conserving scalar poten-
tial of Ref. [3], where the parameter λ5 breaks softly
the discrete symmetry Φ1 →−Φ1. The decay rates of
h0 → γ γ and h0 → γZ are taken from Ref. [3]. From
the form of the coupling in Eq. (1), one can see that
the quadratic term M2
H± can be compensated by λ5v
2
.
With charged Higgs-boson masses much larger than
the electroweak scale (MH± > v), such cancellations
take place only for large values of λ5 [17]. For fixed
Mh0 and MH± , the charged Higgs contribution, enter-
ing through Eq. (1), vanishes for the critical choice of
λ5 = λ05, where
(2)λ05 =
1
2v2
{
M2
h0 + 2M2H±
}
.
For the Higgs decay h0 → bb¯, we evaluate the par-
tial width Γ (h0 → bb¯) at the one-loop level, in both
the SM and the THDM, using the SM width as a refer-
ence. The model-independent contributions, QCD and
QED corrections, are not included. For Γ (H → bb¯) in
the SM, we have performed the calculation in the on-
shell scheme [24], in analogy to the work presented
in [23]. Practical computations were done with the
help of the packages FEYNARTS, FORMCALC [25],
and with LOOPTOOLS and FF for numerical evalua-
tions [26]. The THDM is nowadays available in the
package FEYNARTS.
364 A. Arhrib et al. / Physics Letters B 579 (2004) 361–370At one-loop order the amplitude can be written as
follows,
(3)
M1 =− igmb2MWcβ
√
Zh0
[
sα(1+∆M1)+ cα ∆M12
]
with sα = sinα, cβ = cosβ , and
∆M1 = V h0bb¯1 + δ(h0bb¯),
∆M12 =
ΣhH (M
2
h0
)
M2
h0
−M2
H 0
− δα,
(4)Zh0 =
[
1+ Σˆ ′
h0
(
M2
h0
)]−1
.
These expressions contain the vertex correctionsV h0bb¯1
with the corresponding vertex counterterm δ(h0bb¯),
the non-diagonal h0–H 0 self-energy ΣhH with the
counterterm δα for the mixing angle α, and the wave-
function renormalization with the h0 field-renormali-
zation constant Zh0 derived from the renormalized
self-energy of the h0.
In the general THDM, the mixing angle α is an in-
dependent parameter and can hence be renormalized
in a way independent of all the other renormalization
conditions. A simple and natural condition is to re-
quire that δα absorbs the h0–H 0 transition in the non-
diagonal part ∆M12 of the decay amplitude (3). The
angle α is hence the CP-even Higgs-boson mixing an-
gle also at the one-loop level, and the decay ampli-
tudeM1 simplifies to the∆M1 term only. The Higgs-
boson decay width is then given by the expression
Γ1(h
0 → bb¯)= NCGFm
2
b
4
√
2π
s2α
c2β
(5)×Mh0Zh0
[
1+ 2(∆M1)
]
.
The central part of the computation is thus the de-
termination of ∆M1. The generic THDM contribu-
tions to ∆M1 are depicted in Fig. 1, involving vertex-
correction and counterterm diagrams. A quick inspec-
tion shows that there are pure THDM contributions
not present in the SM case: diagram d1 with S =
H 0,A0,H±, diagram d2 with (S1, S2) = (H 0,H 0),
(A0,A0), (H±,H±) and (H±,G±), and lastly di-
agrams d4,5 with S = A0,H±. In the decoupling
limit, diagrams d4,5 and diagram d2 with (S1, S2) =
(H±,G±) vanish. As a consequence, large effects in
h0 → bb¯ may arise from diagrams d1 and d2. Thereby,d2 formally has non-decoupling behaviour, yielding a
non-zero value in the mathematical limit of heavy non-
standard particles.
We refrain here from giving analytical expressions
for the vertex corrections; the MSSM formulae given
in [27] can be adapted to the THDM case replacing the
MSSM couplings by the THDM ones [17,28].
We will use the on-shell scheme based on [29] for
determination of the counterterms, with the exception
that the field renormalization constants for the two
Higgs doublets are determined in the MS scheme,
yielding ZΦi = 1+ δZMSΦi ,
δZMSΦ1 =
−g2∆
32π2m2W
{
1
c2β
(
m2e +m2µ +m2τ
+ (m2b +m2d +m2s )NC)
}
+ ∆
2(4π)2
(
3g2 + g′2),
δZMSΦ2 =
−g2∆
32π2m2W
{
NC
s2β
(
m2c +m2t +m2u
)}
(6)+ ∆
2(4π)2
(
3g2 + g′2),
with ∆ = 2/(4 −D) − γ + log 4π from dimensional
regularization and the color factor NC . Accordingly,
the h0 field-renormalization constant is a linear com-
bination of (6), which determines the derivative of the
renormalized self-energy in (4) to be
Σˆ ′
h0
(
M2
h0
)=Σ ′
h0
(
M2
h0
)
(7)+ (δZMSΦ1 sin2 α + δZMSΦ2 cos2 α
)
,
in terms of the unrenormalized self-energy Σh0 .
The vertex counterterm δ(h0bb¯) in (4) is given by
(8)δ(h0bb¯)= δmb
mb
+ δZbV +
δv1
v1
,
where δmb is the b-quark mass counterterm, δZbV
the b-quark field renormalization, and δv1/v1 the
counterterm for the vacuum expectation value v1.
The b-quark is treated on-shell, and δZbV is fixed
by the condition that the residue of the b-quark
propagator is normalized to unity; consequently, we do
not need external wave-function renormalization for
A. Arhrib et al. / Physics Letters B 579 (2004) 361–370 365Fig. 1. Generic one-loop THDM Feynman diagrams contributing to Γ (h0 → bb¯).the b-quarks. In this way we obtain
δmb
mb
+ δZbV
(9)=ΣbS
(
m2b
)− 2m2b[Σ ′bS (m2b)+Σ ′bV (m2b)]
in terms of the scalar functions of the b-quark self-
energy,
(10)
Σb(p)= /pΣbV
(
p2
)+ /pγ5ΣbA(p2)+mbΣbS (p2).
In order to get the counterterm for v1 in (8) we
take over the condition of [29], as formulated for the
MSSM,
(11)
δv2
v2
= δv1
v1
, implying
δvi
vi
= δv
v
(i = 1,2).
Since v enters the gauge sector, δv is related to charge
and gauge-boson mass renormalization, in the on-shell
scheme given by
2
δv
v
= cos2 βδZMSΦ1 + sin2 βδZMSΦ2
+Σ ′γ γ (0)+ 2
sW
cW
ΣγZ(0)
M2Z
− c
2
W
s2W
ΣZZ(M2Z)
M2Z
(12)+ c
2
W − s2W
s2W
ΣWW(M2W)
M2W
.
It is interesting to note that, like in the MSSM, the
difference δv2/v2 − δv1/v1 is a UV-finite quantity.
Moreover, the singular part of δv is identical to that
of the MSSM case,
(13)
(
δv
v
)
=− 1
4(4π)2
(
3g2 + g′2)∆.MSFor a better physical understanding of the formal
condition (11) it is enlightening to consider the ratio
of the A0 → dd¯ and A0 → uu¯ decay widths, which
reads at the one-loop level (see also [27])
Γ1(A0 → dd¯)
Γ1(A0 → uu¯)
∼ tan4 β
{
1− 4
(
δv2
v2
− δv1
v1
)
+ 2
(
δmd
md
+ δZdV −
δmu
mu
− δZuV
)
(14)+ V A0dd¯1 − VA
0uu¯
1
}
,
where V A
0qq¯
1 is the one-loop vertex correction to
A0qq¯ vertex. The non-universal quantities δmq/mq +
δZ
q
V are sufficient to cancel the UV divergences from
V
A0qq¯
1 . Consequently δv2/v2 − δv1/v1 is UV finite,
and imposing condition (11) defines tanβ at one loop
through Eq. (14).
For completeness, we list the couplings needed for
this study. In the limiting situation α→ β − π/2, all
the scalar couplings entering the one-loop amplitude
(Fig. 1, d2) either vanish or reduce to their SM values
except for h0H+H−, h0H 0H 0 and h0A0A0, which
are given, respectively, in Eq. (1) and by
g
[
h0H 0H 0
]≈− g
2MW
{
M2
h0 + 2
(
M2
H 0 − λ5v2
)}
,
(15)g[h0A0A0]≈− g
2MW
{
M2
h0 + 2
(
M2
A0 − λ5v2
)}
.
In the THDM type II under consideration, the neu-
tral Higgs couplings to a pair of fermions normalized
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(16)
g
[
h0bb¯
]=− sinα
cosβ
∼= 1, g[h0t t¯ ]= cosα
sinβ
∼= 1,
g
[
H 0bb¯
]= cosα
cosβ
∼= tanβ,
(17)g[H 0t t¯ ]= sinα
sinβ
∼=− cotβ,
(18)g[A0bb¯]= γ5 tanβ, g[A0t t¯ ]= γ5 cotβ.
The charged Higgs coupling to fermions reads
g[H−b¯t]
(19)
= g√
2MW
{
mt cotβ
1+ γ5
2
+mb tanβ 1− γ52
}
.
3. Numerical results
In the numerical evaluation of this section, we
have parameterized the Higgs sector with the fol-
lowing seven parameters [30]: the mass of the light
CP-even Higgs boson, Mh0 ; the masses of the CP-
odd, of the heavy neutral CP-even and of the charged
Higgs bosons, which are assumed to be degenerate,
MH 0 = MA0 = MH± ; the mixing angles α and β
chosen to fulfill α = β − π/2; the parameter of the
discrete-symmetry breaking of the Higgs potential, λ5.
When varying these parameters we take into account
the tree-level unitarity constraints as derived in [20].
Such unitarity requirements put constraints on MH± ,
Mh0 , λ5, and tanβ . Constraints on the charged Higgs-
boson mass and tanβ are also obtained from exper-
imental data on the decays b→ sγ and Z → bb¯. It
has been shown in [31] that for models of the type
THDM-II, data on b→ sγ give preference to rather
heavy charged Higgs particles, MH±  200 GeV for
tanβ  1 and even stronger for lower values of tanβ .
From Z→ bb¯ decays, strong constraints on MH± are
obtained in particular for small 0.5< tanβ < 1, yield-
ing MH± > 200 GeV at 99% confidence level [32].
In our study, since we are interested in the decoupling
regime, we will assume that the charged Higgs-boson
mass is above 250 GeV.For discussion of the non-standard effects, we
introduce the following ratios,
RγV = Γ (h
0 → γV )
Γ (HSM → γV ) , V = γ,Z and
(20)Rbb = Γ (h
0 → bb¯)
Γ (HSM → bb¯)
,
which measure the deviations of the various h0 partial
widths from their SM values with MHSM = Mh0 . In
Fig. 2, these ratios are displayed for three values of
the charged Higgs mass, for several values of λ5, and
for tanβ ≈ 1. The choice for tanβ is motivated by
unitarity constraints; the parameter space allowed by
unitarity is large for tanβ ≈ O(1) and is reduced for
large tanβ .
In the decoupling regime, the tree level couplings
h0qq¯ become nearly equal to their SM values, and so
the ratios RγV are independent of tanβ .
As one can see in Fig. 2, for each value of MH± =
400,600,800 GeV one can find corresponding values
of λ05 ≈ 5.7,12.3,21.5,1 for which the charged-Higgs
contribution vanishes, thus yielding RγV ≈ 1. For
λ5 greater or smaller than the critical values λ05, the
deviation in the partial width for h0 → γ γ can be as
large as 25% (11%) for MH± = 400 GeV (600 GeV).
For MH± = 800 GeV, unitarity is violated for 0 <
λ5 < 9 and the deviation in h0 → γ γ can be only of
the order ±6%. We note that our results agree with
the results of [22], but some of the parameters chosen
in [22] violate the tree-level unitarity constraints. For
the ratio RγZ , the effect is not so large. The charged-
Higgs contribution in this case is decreased by the
gauge coupling, which for the Z is smaller than for
the photon,
gZH+H−
gγH+H−
= gγZH+H−
gγγH+H−
= (1− 2s
2
W)
(2sWcW)
≈ 0.64.
Only for MH± = 400 GeV and large λ5 = 17, the
deviation of the ratio RγZ from unity is about 10%.
For the Higgs-boson decay into a b-quark pair,
h0 → bb¯, before discussing our numerical results,
we would like to mention that we have done the
following checks: (i) for the SM case HSM → bb¯, we
1 These values of λ5 are obtained from Eq. (2) with Mh0 =
150 GeV.
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MH± = 800 GeV (right plots) and tanβ = 1.have reproduced the SM results in perfect agreement
with [23], (ii) for the THDM case, we have checked
numerically that we recover the SM corrections to
HSM → bb¯ in the decoupling scenario with all pure
THDM couplings set to zero.
As explained in the previous section, the Higgs
fields are renormalized in the MS scheme and hence
the result depends on the renormalization scale µMS.
This dependence, however, is rather weak for MZ 
µMS  Mt , as has been checked explicitly. In the
following we will use µMS =MZ .
In Fig. 3, we illustrate the ratio Rbb as a function of
Mh0 for the same parameters as applied in the RγV
cases. It is clear from this plot that sizeable effects
also appear in h0 → bb¯, on equal footing as in h0 →
γ γ and h0 → γZ. They originate from two sources,
allocated to diagrams d1 and d2 of Fig. 1. The effects
from d1 are less than 1%, while large effects are due
to d2. It is interesting to observe that for large values
of λ5 the THDM contribution to h0 → bb¯ is reducedwith respect to the SM (Rbb < 1). For MH± = 400
GeV (600 GeV), the deviation of Γ (h0 → bb¯) from
the SM value can reach 16% for λ5 = 17 (respectively,
8% for λ5 = 23.5). For heavy charged Higgs bosons,
like MH± = 800 GeV, the deviation is about 3% for
λ5 = 30.
In the decoupling limit, the b-quark mass gets a
factor tanβ in either the H 0bb¯, A0bb¯, and H−b¯t
couplings (see Eqs. (17), (18) and (19)), while the
top mass gets a factor cotβ . Consequently the top
(bottom) effect is enhanced for small (large) tanβ .
We have studied the sensitivity to tanβ , but the
unitarity requirements impose severe constraints on
tanβ , which effectively turns out to be of the order
one. Note that for λ5  λ05 no such constraint exists.
In Fig. 4, the ratio Rbb is displayed as a function of
tanβ forMh0 = 120 GeV, three values ofMH± = 300,
500, 700 GeV, and several values of λ5. For every
value of MH± we have chosen λ5 in such a way that
the couplings (1) and (15) vanish, according to (2),
368 A. Arhrib et al. / Physics Letters B 579 (2004) 361–370Fig. 3. Rbb as function of Mh0 for MH± = 400 GeV (left), MH± = 600 GeV (middle), MH± = 800 GeV (right) and tanβ = 1.
Fig. 4. Rbb as function of tanβ for MH± = 300 GeV (left), MH± = 500 GeV (middle), MH± = 700 GeV (right) and Mh0 = 120 GeV.Fig. 5. Contours for ∆γγ = |Rγγ − 1| (left panel), ∆bb = |Rbb − 1| (right panel) in the (MH± , λ5) plane for Mh0 = 120 GeV, tanβ = 1 and
µMS =MZ .
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120 GeV and MH± = 300, 500, 700 GeV, the zero
of (2) is located at λ5 = 3.2, 8.5, 16.4, respectively.
For those values, the deviation of h0 → bb¯ from the
SM width arises mainly from diagram d1; Rbb is not
very sensitive to tanβ , with at most 1% deviations for
0.5  tanβ  7. For the other values of λ5 the effect
can be large, but tanβ is significantly restricted around
unity.
In Fig. 5, we show a contour plot for ∆γγ =
|Rγγ − 1| (left panel) and ∆bb = |Rbb − 1| (right
panel) in the plane (MH± , λ5) for tanβ = 1 and
Mh0 = 120 GeV. The light-grey area shows the region
where the deviation from the SM value is less than
±3%. The solid black line in that region indicates
the situations for which the couplings (1) and (15)
vanish. In these cases the deviation of the THDM
decay widths for h0 → bb¯ from the corresponding SM
value is less than 1%.
Concerning the left panel, ∆γγ , away from the
light-grey region and for charged Higgs-boson masses
250MH±  600 GeV and λ5  3, the deviations are
greater than 3% and can become as large as 20% for
MH±  400 GeV and λ5  6. One can also see that for
small λ5 < 1 and MH± below 600 GeV, the deviation
is in the range 10–20%. For ∆bb, the behaviour is
similar. For 250 MH±  700 GeV and λ5  5, the
deviations from the corresponding SM value exceed
3%; for MH±  400 GeV and λ5  10, effects above
20% are found.
4. Conclusions
We have studied the Higgs-boson decays h0 →
γ γ , γZ and bb¯ in the THDM within the decoupling-
regime scenario. We have shown that, even when tak-
ing into account unitarity constraints in the scalar sec-
tor, both in h0 → γ γ and h0 → γZ large quantum
effects can occur, i.e., we have found sizeable differ-
ences between these decays and the corresponding de-
cay widths of the SM Higgs boson. For charged Higgs
bosons not too heavy, of about 400 GeV, the deviations
in the decay width for h0 → γ γ (h0 → γZ) from the
corresponding SM values can reach the order of 25%
(10%).
For the dominant Higgs-boson decay into b-quark
pairs, the partial width Γ (h0 → bb¯) in the decouplinglimit is identical to the SM one at tree level. It turns
out that for the same scenarios leading to sizeable
effects in the loop-induced bosonic decays, significant
quantum effects are also present in Γ (h0 → bb¯) at
one-loop order. Those effects originate mainly from
the scalar self-couplings h0H±H∓, h0H 0H 0 and
h0A0A0. For certain regions of the charged Higgs-
boson mass and the parameter λ5, the deviation with
respect to the SM value can be also of the order of
25%. Hence, quantum effects in h0 → bb¯ can be of the
same size as in the γ γ, γZ decay modes. Therefore,
not only the one-loop effects to h0 → {γ γ, γZ} but
also the quantum contributions to h0 → bb¯ can be
used to distinguish between THDM and SM.
At the end, we would like to emphasize, that
for large values of the charged Higgs boson masses,
unitarity requires large λ5 (or large µ212). In this
decoupling limit [17], and as it can be seen from
the figures, the deviations of the observables we have
been considering above from their SM values are very
small.
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